W

BAS arv,
. -
?"f‘ N -~ ,

A
el Ty

sues Seeds: Random effect logistic regression

This example is taken from Table 3 of Crowder (1978), and concerns the proportion of seeds that germinated on
each of 21 plates arranged according to a 2 by 2 factorial layout by seed and type of root extract. The data
are shown below, where r; and n; are the number of germinated and the total number of seeds on the / th plate, /

=1,...,N. These data are also analysed by, for example, Breslow: and Clayton (1993).

seed O. aegyptiaco 75 seed O. aegyptiaco 73
Bean Cucumber Bean Cucumber
r n rin r n r/n r n r/n r n r/n

10 39 026 |5 6 083 |8 16 050 |3 12 025
23 62 037 |53 74 072 |10 30 033 |22 41 0.54
23 81 028 |85 72 076 |8 28 029 |15 30 050
26 51 051 |32 51 063 |23 45 051 |32 51 063
17 39 044 |46 79 058 |0 4 0.00 |3 7 0.43
10 13 077

The model is essentially a random effects logistic, allowing for over-dispersion. If p; is the probability of
germination on the i th plate, we assume

r; ~ Binomial(p;, ny)
logit(p) = 01g + 0Ly Xg; + 0LpXo; + OLaXyiXo; + b
b; ~ Normal(0, t)

where Xy; , Xp; are the seed type and root extract of the / th plate, and an interaction term oL 1,X4iX; is
included. ag,oq, 0y, 04y, T aregiven independent "noninformative” priors.

Graphical model for seeds example
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for(i IN 1: N)

BUGS /anguage for seeds example

model
{
for(iin1:N){
r{i] ~ dbin(pli],n[i])
b[i] ~ dnorm(0.0,tau)
logit(p[i]) <- alpha0 + alpha1 * x1[i] + alpha2 * x2[i] +
alpha12 * x1[i] * x2[i] + b[i]
}
alpha0 ~ dnorm(0.0,1.0E-6)
alphat ~ dnorm(0.0,1.0E-6)
alpha2 ~ dnorm(0.0,1.0E-6)
alpha12 ~ dnorm(0.0,1.0E-6)
tau ~ dgamma(0.001,0.001)
sigma <- 1/ sqrt(tau)

Data 2 click on one of the arrows to open the data €
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Results




A burn in of 1000 updates followed by a further 10000 updates gave the following parameter estimates:

node
alpha0
alphat
alpha12
alpha2
siama

mean |

)

-0.5546
0.08497
-0.8229
1.356
0.2731

sd | MC error
0.1941 0.007696
0.3127 0.01283
0.4321 0.01785
0.2743 0.01236
0.1437 0.007956

2.5% median | 97.5%
-0.9353 -0.5577 | -0.1597
-0.5814 0.09742 0.6679
-1.697 -0.8218 0.01641
0.8257 1.347 1.909
0.04133 0.2654 0.5862
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1001
1001
1001
1001
1001

We may compare simple logistic, maximum likelihood (from EGRET), penalized quasi-likelihood (PQL)
Breslow and Clayton (1993) with the BUGS results

Logistic maximum PQL

regression likelihood
variable B SE B SE B SE
ol -0.558 0.126 |-0.546 0.167 |-0.542 0.190
oLy 0.146 0.223 [0.097 0.278 |0.77 0.308
Oy 1.318 0177 }1.337 0.237 1.339 0.270
g -0.778 0.306 |-0.811 0.385 |-0.8250.430
o} - -— 0.236 0.110 |0.313 0.121

Heirarchical centering is an interesting reformulation of random effects models. Introduce the variables

the model then becomes

Hi

Bi=mwtb

r; ~ Binomial(p; n)

logit(p;) = B

B; ~ Normal(y, , )

The graphical model is shown below

Olg F 0qXyqj + CpXoj F OLgoXyiXy;




nii]

for IN1:N)

This formulation of the model has two advantages: the squence of random numbers generated by the Gibbs
sampler has better correlation properties and the time per update is reduced because the updating for the o
parameters is now conjugate.




